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(54) Negative pressure control apparatus and method therefor in an internal combustion engine 



(57) - . An apparatus and method for controlling a neg- 
ative! -pressure In ah internal combustion engine (10) 
equipped with a brake booster (1 8) that uses a negative 
pressure produced on a downstream side of a throttle 
valve (36) provided in an Intake passage (34) of the en- 
gine, as a power source for amplifying the pedal press- 
ing force. A controller (12) of the apparatus or method 
detemnines whether a negative pressure applied to the 
brake booster has reached a predetemnined level when 



the internal combustion engine is started, and, if the 
negative pressure has not reached the predetemnined 
level, Increases an operating speed of the engine'to a 
predetermined high speed and then keeps the throttle 
valve in a small opening state in which an opening 
amount of the throttle valve is smaller than that estab- 
lished when the internal combustion engine is in a fast 
idle state, during a period of time in which the engine 
proceeds to a steady-state operating mode. 
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Descripti n 

BACKGROUND OF THE INVENTION 

1 . Field of Invention 

[0001] This invention relates to an apparatus and 
method for controlling negative pressure in internal 
combustion engines, and more particularly to an appa- 
ratus and method for controlling negative pressure in an 
internal combustion engine provided with a brake boost- 
er that utilizes negative pressure generated on a down- 
stream side of a throttle valve disposed in an intal<e air 
passage, as a power source for boosting or amplifying 
pedal pressing force that is applied to a brake pedal. 

2. Description of Related Art 

[0002] An example of a known apparatus for control- 
ling negative pressure In an internal combustion engine 
provided with a brake booster for amplifying a brake 
pressing force is disclosed in, for example, USP 
6,095,116. The brake booster utilizes a negative pres- 
sure generated on a downstream side of a throttle valve 
disposed in an intake air passage, as a power source 
for boosting or amplifying a pedal pressing force that is 
applied by a driver to a brake pedal. If an insufficient 
I negative pressure is supplied from the intake air pas- 
sage, therefore, the brake booster cannot amplify the 
pedal pressing force in an appropriate manner. 
[0003] In view of this situation, the known apparatus 
as disclosed in USP 6,095,116 is adapted to detect a 
negative pressure applied to the brake booster, and 
close the throttle valve by a predetemnined degree or 
amount If the negative pressure has not reached a pre- 
determined value. In this case, a large negative pres- 
sure is developed in the intake air passage on the down- 
stream side of the throttle valve, and the thus increased 
negative pressure Is applied to the brake booster. Thus, 
the known apparatus can surely provide a sufficiently 
large negative pressure to be applied to the brake boost- 
er, so that the pedal pressing force (i.e., the force ap- 
plied to the brake pedal) can be appropriately boosted 
or amplified. 

[0004] Upon acoldstartof theinternalcombustion en- 
gine, the ignition timing may be retarded from the opti- 
mal timing in order to accelerate wami-up of a catalyst, 
and the like. If the ignition timing is retarded, the tem- 
perature of exhaust gas is likely to increase, whereas 
the output of the engine is reduced. In general, the out- 
put of the engine increases with increases in the amount 
of the air drawn into the engine and in the amount of fuel 
injected. Thus, in orderto accelerate warm-up of thecat- 
atyst, and the like, while avoiding a reduction in the out- 
put of the engine, it is possible to increase the opening 
of the throttle valve disposed in the intake air passage 
while at the same time retarding the ignition timing. 
[0005] if the opening of the throttle valve increases 



rapidly upon a cold start of the engine, a large negative 
pressure is not produced in the intake air passage on 
the downstream side of the throttle valve, and the neg- 
ative pressure applied to the brake booster cannot be 
5 increased up to a desired or required level. In the above- 
described known apparatus, if the negative pressure ap- 
plied to the brake booster falls to reach the desired level, 
the throttle valve is closed so as to increase the magni- 
tude of the negative pressure. IHowever, if the throttle 
valve is immediately closed every time the negative 
pressure applied to the brake booster becomes insuffi- 
cient, the amount of air drawn into the engine is reduced, 
and the output of the engine cannot be increased as de- 
sired. 

SUMMARY OF THE INVENTION 

[0006] It is therefore an object of the invention to pro- 
vide an apparatus and method for controlling negative 
pressure in an internal combustion engine, which is able 
to provide a sufficiently large negative pressure to be 
applied to a brake booster, without impeding or affecting 
the operation of the engine. 

[0007] To accomplish the above and/or other objects, 
one aspect of the invention provides an apparatus for 
controlling a negative pressure in an internal combus- 
tion engine, comprising a brake booster and a controller. 
The brake boostei* amplifies a pedal pressing force that 
is applied to a brake pedal, by using a negative pressure 
produced on a downstream side of a throttle valve pro- 
vided in an intake passage of the engine, as a power 
source for amplifying the pedal pressing force. The con- 
troller detemriines whether a negative pressure applied 
to the brake booster has reached a predetermined level 
when the internal combustion engine is started, and, if 
the negative pressure has not reached the predeter- 
mined level, Increases an operating speed of the engine 
to a predetermined high speed, and then keeps the 
throttle valve in a small opening state in which an open- 
ing amount of the throttle valve is smaller than that es- 
tablished when the internal combustion engine is in a 
fast idle state, during a period of time in which the engine 
proceeds to a steady-state operating mode. 
[0008] In the apparatus as described above, the throt- 
tle valve may be kept In a fully closed position during the 
period of time in which the internal combustion engine 
proceeds to the steady-state operating mode. It is also 
possible to keep the opening amou nt of the th rottle valve 
substantially equal to a throttle opening established dur- 
ing nonnal idling of the internal combustion engine, dur- 
ing the period of time in which the internal combustion 
engine proceeds to the steady-state operating mode. 
[0009] In the apparatus as described above, the brake 
booster is adapted to amplify the pedal pressing force 
applied to the brake peda! using, as a power source, a 
negative pressure (hereinafter called "intake manifold 
pressure") produced on the downstream side of the 
throttle valve disposed in the intake air passage. The 
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internal combustion engine can operate or revolve due 
to inertia without being supplied with the air, until the 
engine proceeds to the steady-state operating mode af- 
ter its speed reaches the predetennined high speed. 
During this self-operating period, the throttle valve can 
be suitably maintained in the fully closed state without 
causing any problem to the operation of the engine. 
[0010] In the apparatus of the invention as described 
above, if a negative pressure applied to the brake boost- 
er (which will be called "brake negative pressure") Is less 
than a desired level at the time of the start of the engine, 
the throttle valve is kept in the fully closed state during 
the period of time in which the engine proceeds to the 
steady-state operating mode after its speed reaches the 
predetermined high speed. In this case, a large Intake 
manifold pressure is produced in the intake air passage 
downstream of the throttle valve, so that the brake neg- 
ative pressure is accordingly increased. According to 
the invention, therefore, it is possible to provide the 
brake booster with a sufficiently large negative pressure 
without affecting the operation of the internal combus- 
tion engine. 

[0011] Another aspect of the invention involves a 
method of controlling negative pressure in an internal 
combustion engine as described above. 

BRIEF DESCRIPTION OF THE DRAWINGS ' • 

[0012] This invention will be described in greater de- 
tail with reference to the accompanying drawings, in 
which like numerals are used to Identify like elements 

and wherein: 

Fig. 1 is a view showing a system of a negative pres- 
sure control apparatus of an intemal combustion 
engine according to a first embodiment of the Inven- 
tion; 

Figs. 2A and 2B explain the operation of the nega- 
tive pressure control apparatus of the engine ac- 
cording to the first embodiment; 
Fig. 3 is a flowchart showing a control routine exe- 
cuted by an ECU shown in Fig. 1 ; 
Figs. 4A-4C explain the operation of the negative 
pressure control apparatus of the engine according 
to a second embodiment of the invention; 
Fig. 5 is a flowchart showing a control routine exe- 
cuted by an ECU of the second embodiment; and 
Fig. 6 is a view showing a system of a negative pres- 
sure control apparatus of an intemal combustion 
engine according to another embodiment of the in- 
vention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0013] Fig. 1 shows a system of a negative pressure 
control apparatus of an Internal combustion engine 10 
according to a first embodiment of the invention. The 



system according to this embodiment includes an elec- 
tronic control unit (hereinafter referred to as the "ECU") 
1 2, and is controlled by the ECU 1 2. 
[0014] As shown in Fig. 1 , the system of this embod- 

5 iment includes a brake pedal 14. A brake booster 18 is 
connected via an operating shaft 1 6 to the brake pedal 
14. The brake booster 18 has a negative pressure 
chamber 22 and a variable pressu re chamber 24 formed 
therein and separated from each other by a diaphragm 

10 20. A surge tank 28 of the engine 10 is connected via a 
negative-pressure feed pipe 26 to the negative pressure 
chamber 22. 

[001 5] A check valve 30 is provided midway (at a mid- 
way point of) the negative-pressure feed pipe 26. The 

IS check valve 30 is a one-way valve that only allows flow 
of the air from the negative pressure chamber 22 to the 
surge tank 28. The check valve 30 is opened when a 
pressure in the negative pressure chamber 22 is higher 
than that in the surge tank 28. A negative-pressure ac- 

20 cumulation tank 32 is provided on a side of the check 
valve 30 that is closer to the negative pressure chamber 
22. The negative-pressure accumulation tank 32 has 
the function of accumulating a negative pressure devel- 
oped in the surge tank 28. 

25 [001 6] A throttle valve 36 for varying the effective area 
of the intake passage 34 is provided in a portion of the 
. passage 34 located upstream of the surge tank 28. The 
throttle valve 36 is coupled to a throttle actuator 37 that 
is electrically connected to the ECU 12. When the throt- 

30 tie actuator 37 drives the throttle valve 36 according to 
a drive signal supplied from the ECU 12, the throttle 
valve 36 is opened or controlled to an opening amount 
that depends upon the driving condition of the actuator 
37. The opening amount of the throttle valve 36 Is here- 

35 inafter referred to as a throttle opening 0. 

[0017] When the intemal combustion engine 10 is in 
a njnning state, a negative pressure (which may also be 
called "Intake manifold pressure") Is produced in a por- 
tion of the intake air passage 34 located downstream of 

40 the throttle valve 36, which includes the surge tank 28. 
The intake manifold pressure produced in the surge tank 
28 is introduced into the negative pressure chamber 22 
of the brake booster 18 through the negative*pressure 
feed pipe 26 and the negative-pressure accumulation 

45 tank 32. Thus, the Intake manifold pressure produced 
In the surge tank 28 is supplied to the negative pressure 
chamber 22 of the brake booster 18 while the internal 
combustion engine 10 is operating. 
[0018] When the brake pedal 14 is not depressed, a 

so negative pressure applied to the negative pressure 
chamber 22 (which will be referredto as "brake negative 
pressure By^^c") ^ introduced into the variable pressure 
chamber 24 of the brake booster 18. In this case, there 
is no difference between the pressure in the variable 

S5 pressure chamber 24 and the pressure in the negative 
pressure chamber 22. When the brake pedal 14 is de- 
pressed, on the other hand, the air, whose amount cor- 
responds to a force applied to the brake pedal 14, is in- 
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troduced into the variable pressure chamber 24. The 
force applied to the brake pedal 1 4 will be now referred 
to as "pedal pressing force". When the brake pedal 14 
Is depressed while the engine 10 is running, therefore, 
a pressure difference that conresponds to the pedal 5 
pressing force Is created between the variable pressure 
chamber 24 and the negative pressure chamber 22. 
This pressure difference acts as assist force having a 
predetermined amplification ratio with respect to the 
pedal pressing force. When the brake pedal 14 is de- io 
pressed while the Intemal combustion engine 1 0 is run- 
ning, therefore, the brake booster 18 generates the as- 
sistforce having a predetermined amplification ratio with 
respect to the pedal pressing force by using the intake 
manifold negative pressure produced in the surge tank is 
28 as a power source. 

[0019] A pressure sensor 38 is provided in the nega- 
tive pressure accumulation tank 32. The pressure sen- 
sor 38 generates a signal corresponding to an internal 
pressure of the negative pressure accumulation tank 32, ^ 
namely, the internal pressure (brake negative pressure 
BvAc) ^^^^ applied to the negative pressure chamber 
22 of the brake booster 18. The output signal from the 
pressure sensor is supplied to the ECU 1 2. The ECU 1 2 
detects the brake negative pressure B^^q based on the 25 
output signal from the pressure sensor 38. 
[0020] A master cylinder 42, which- has a hydraulic 
chamber 40 formed therein, is connected to the brake ' 
booster 18. Amaster cylinder pressure that corresponds 
.to a sum of the pedal pressing force and the assist force so 
is generated in the hydraulic chamber 40 of the master 
cylinder 42. Awheel cylinder 44 is connected to the mas- 
ter cylinder 42. The wheel cylinder 44 applies a braking 
force corresponding to the master cylinder pressure to 
vehicle wheels. 35 
[0021 ] The internal combustion engine 1 0 includes an 
injector 52 disposed near an end portion of the intake 
air passage 34 on the side of a combustion chamber 50, 
and an ignition plug 54 disposed such that its distal end 
is exposed to the combustion chamber 50. When a drive 
signal is supplied from the ECU 12, the injector 52, 
which is electrically connected to the ECU 12, injects 
fuel that has been pumped from a fuel tank, into the in- 
take air passage 34. The ignition plug 54, which is elec- 
trically connected to the ECU 12, generates a spark in- 45 
side the combustion chamber 50 when a high-voltage 
ignition signal is supplied from the ECU 12 to the plug 
54. 

[0022] An NE sensor 56 that outputs a signal corre- 
sponding to the revolution speed of the internal combus- so 
tion engine 10 (which will be referred to as the "engine 
speed NE") is connected to the ECU 12. The ECU 12 
detects the engine speed NE based on the output signal 
from the NE sensor 56. 

[0023] When the Intemal combustion engine 10 is ss 
started, the operation of the engine 1 0 may be caused 
to proceed to a fast idle state in which the engine 10 
revolves at a higher speed than usual (for example, at 



a speed of 1 ,500 rpm; the engine speed NE in this fast 
idle state will be called "fast idle speed NEo"), in order 
to accelerate warm-up of the engine. The engine 1 0 may 
be caused to revolve at a high speed by various meth- 
ods, for example, by increasing the amount of intake air 
supplied to the combustion chamber 50 and the amount 
of fuel injected into the intake air passage 34. This meth- 
od makes it possible to increase the output of the engine 
1 0 by encouraging combustion in the combustion cham- 
ber 50 of the intemal combustion engine 10, thus ena- 
bling the engine 10 to operate at a high speed. The 
amount of intake air can be increased by increasing the 
opening amount of the throttle valve 36. 
[0024] If, however, the opening amount of the throttle 
valve 36 is increased immediately after the internal com- 
bustion engine 10 is started so as to allow the engine 
10 to proceed to the fast idle state, It becomes difficult 
to produce a large intake manifold pressure in the surge 
tank 28, or in a portion of the air passage 34 downstream 
of the throttle valve 36. If the brake pedal 14 is de- 
pressed in this situation, a desired pressure difference 
cannot be established between the variable pressure 
chamber 24 and the negative pressure chamber 22 of 
the brake booster 18, thus making it impossible to pro- 
duce a desired assist force to be added to the pedal 
pressing force. 

[0025] When the operating state of the engine 1 0^ 
shifts from high-speed revolution to low-speed revolu'-' 
tion, the engine 10 can revolve due to inertia even withyf 
only a small amount of air drawn Into the combustion 
chamber 50. Thus, substantially no problem arises in 
the operation of the engine 10 even if the throttle valve 
36 is held in a smalt opening state (in which, for example, 
the opening amount of the throttle valve 36 Is held at 
around that of the valve 36 during normal Idling, or the 
throttle valve 36 is held in a fully closed position as de- 
scribed later), during the period in which the engine 
speed is reduced from a high level to a low level. Ac- 
cordingly, if the engine 1 0 is caused to race at a higher 
speed than the fast idle speed (for example, at a speed 
of 2,000 rpm; the engine speed NE in this high-speed 
operation state will be called "racing speed NEmax") im- 
mediately after the start of the engine 10, and then the 
throttle valve 36 is kept in the fully closed position for 
the subsequent period until the engine 10 reaches the 
fast Idle state, a large intake manifold pressure, whose 
level is proportional to the period in which the throttle 
valve 36 is kept in the fully closed position, can be gen- 
erated in the intake air passage 34 downstream of the 
throttle valve 36. if such a large intake manifold pressure 
is produced in the intake air passage 34, the negative 
pressure is fed to the negative pressure chamber 22 of 
the brake booster 18 through the negative-pressure 
feed pipe 26 and the negative-pressure accumulation 
tank 32, so that a desired assist force to be added to the 
pedal pressing force can be generated. Here, the "fully 
closed position" of the throttle valve 36 means the most 
closed position to which the throttle valve 36 can be driv- 
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en by the throttle actuator 37 under control of the ECU 
12. It is to be understood that a small amount of air may 
be drawn to or leak into the downstream side of the throt- 
tle valve 36 even when the valve 36 is placed in the "fully 
closed position". The fully closed position of the throttle 5 
valve 36 may correspond to a valve position that is es- 
tablished during normal idling of the engine 10. It is also 
to be understood that the opening amount of the throttle 
valve 36 when it is in the fully closed position is smaller 
than that of the throttle valve 36 established during fast io 
idling of the engine 10. 

[0026] The system according to the first embodiment 
is characterized in that, if the bral<e negative pressure 
Byf^Q has not reached a desired level when the internal 
combustion engine 10 is started, the engine 10 is 
caused to operate at the racing speed NEmax, which is 
higherthan the fast idle speed NEo, and then the throttle 
valve 36 is kept in the fully closed position for the sub- 
sequent period until the engine 1 0 slows down to the 
fast idle speed NEo, thus assuring a sufficiently large 20 
brake negative pressure Bvac immediately after the 
start of the engine 1 0. 

[0027] Referring to Fig. 2A and Fig. 2B, the operation 
of the negative pressure control apparatus of the engine 
10 according to the first embodiment now will be ex- 25 
plained. Here, Fig. 2A shows changes in the engine 
speed NE with time, while Fig. 2B shows changes in the 
throttle opening 6 with time. 

[0028] As shown in Figs. 2A and 2B, immediately after 
the internal combustion engine 1 0 is started, the throttle 30 
opening 6 is made large so that the engine speed is rap- 
idly increased up to the racing speed NEmax that Is 
higher than the fast idle speed (NEo). Once the engine 
speed NE reaches the predetermined racing speed 
N Emax at a point of time t = t.| , the throttle opening 6 is 35 
changed so that the throttle valve 36 is fully closed. The 
throttle valve 36 is then kept in the fully closed position 
until the engine speed NE is reduced down to a prede- 
termined value (at a point of time t ^ t2 in Figs. 2A and 
28). Since only a considerably small amount of air is 
drawn into the intake air passage 34 downstream of the 
throttle valve 36 while the throttle valve 36 is kept in the 
fully closed position, a large intake manifold pressure 
can be produced in the surge tank 28. When the engine 
speed NE reaches the predetemiined level at time t ^ 
t2, the throttle opening 0 is increased so that the engine 
10 is operated in the fast idle state (NEo). 
[0029] Fig. 3 is a flowchart of one example of a control 
routine executed by the ECU in this embodiment so as 
to accomplish the above-described functions. The rou- so 
tine as shown in Fig. 3 Is started each time its process 
is finished. When the routine as shown in Fig. 3 is start- 
ed, step 1 00 is first executed. 

[0030] In step 1 00, it is determined whether the inter- 
nal combustion engine 1 0 has been started through an ss 
operation of an ignition switch. Step 100 is repeatedly 
executed until the above condition is satisfied. When 
step 100 determines that the engine 10 has been start- 



ed, step 102 is then executed. 
[0031 ] In step 1 02, the pressure applied to the nega- 
tive pressure chamber 22 of the brake booster 18, 
namely, the brake negative pressure By^/^c* detected 
based on an output signal of the pressure sensor 38. 
[0032] In step 1 04, it is detemiined whether the brake 
negative pressure Bvac detected in the above step 1 02 
is equal to or less than a predetemriined value Bo. The 
predetermined value Bo is the minimum brake negative 
pressure B^^^q with which the brake booster 18 can be 
judged as being able to produce assist force having a 
desired amplification ratio with respect to the pedal 
pressing force (i.e., the force applied to the brake pedal 
14). If ByAc ^ Bo is satisfied, it can be determined that 
a sufficiently large negative pressure acts on the nega- 
tive pressure chamber 22 of the brake booster 1 8 and . 
that the brake booster 1 8 can produce assist force hav- 
ing a desired amplification ratio with respect to the pedal 
pressing force. In this case, there is no need to apply an 
even larger negative pressure to the negative pressure 
chamber 22. When it is determined that Bv^c - Bo is 
satisfied, therefore, the process proceeds to step 120. 
[0033] If Bvac ^ satisfied, on the other hand, 

it is detemiined that a sufficiently large negative pres- 
sure is not acting on the negative pressure chamber 22 
of the brake booster 1 8 and that the brake booster 1 8 is 
not able to produce assist force having a desired ^ampli- v; 
fication ratio with respect to the pedal pressing force. I ni < 
this case, it is necessary to apply a large negative pres- - 
sure to the negative pressure chamber 22. If step 104 
detennlnes that ByAc ^ not satisfied, therefore, the 
control process proceeds to step 1 06. 
[0034] In step 106, a difference IBvac - Bol between 
the actual bralce negative pressure Bvac the target 
predetermined value Bo is calculated. 
[0035] If this difference IBvac " small, it is pos- 
sible to surely reduce the brake negative pressure to the 
target predetermined value Bo even if the throttle valve 
36 is kept in the fully closed position only for a short pe- 
riod of time. If, on the other hand, the difference IBvac " 
Bol is large, the brake negative pressure cannot be re- 
duced down to the target predetermined value Bo un- 
less the throttle valve 36 is kept in the fully closed posi- 
tion for a long period of time. In this respect, it is appro- 
priate to set the period of time during which the throttle 
valve 36 is kept in the fully closed position to a value 
that depends upon or corresponds to the difference be- 
tween the actual brake negative pressure Bvac 
target predetermined value Bo. 
[0038] The higher the racing speed NEmax is com- 
pared to the fast idle speed NEo of the engine 10, the 
longer it takes the engine speed NE of the engine 1 0 to 
decrease down to the fast idle speed NEo after it reach- 
es the racing speed NEmax. In this respect, it is possible 
to set the period of time during which the throttle valve 
36 is kept in the fully closed position to a value that de- 
pends upon or corresponds to the difference between 
the actual brake negative pressure Bvac ^"d the target 
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predetermined value Bo by setting the racing speed 
NEmax to an appropriate value. To this end, step 106 
as described above is followed by step 108. 
[0037] In step 1 08, the racing speed NEmax of the in- 
ternal combustion engine 10 Is set to a value that de- 5 
pends upon the difference IBy;^^;^ • Bol calculated In step 
106. More specifically, the racing speed NEmax is set 
to a higher value as the difference IBvac " ^ol Is greater, 
by refemng to a certain map stored in memory of the 
ECU 12, for example. io 
[0038] In step 110, a control operation is performed 
so as to open the throttle valve 36 by a large degree so 
that the racing speed NEmax set in the above step 1 08 
can be realized after the engine 10 Is started. Once step 
1 1 0 Is executed, a large amount of air is drawn into the '5 
combustion chamber 50 of the engine 10, and at the 
same time a large amount of fuel is injected. 
[0039] Instep 112, it is determined whether the engine 
speed NE has reached the racing speed NEmax. Step 
112 is repeatedly executed until NE becomes equal to 20 
NEmax. When step 112 determines that NE is equal to 
NEmax, step 114 Is then executed. 
[0040] In step 114, the above control operation for 
opening the throttle valve 36 by a large degree is 
stopped. 25 
[0041 ] Step 1 1 6 is then executed to perfonn an oper- 
ation to place the throttle valve 36 in the fully closed por : • 
sition. Once step 116 is executed, only a considerably', 
small amount of air is drawn or introduced into the intake 
air passage 34 on the downstream side of the throttle so 
valve 36, and a large intake manifold pressure is pro- 
duced. 

[0042] instep 118, it is detemnined whether the engine 
speed NE has reached a threshold value NEsh or not. 
In otherwords, step 118 detemnines whether the internal 
combustion engine 1 0 has proceeded to a steady-state 
operating mode. Namely, the engine 10 is judged as 
having proceeded to the steady-state operating mode 
at a point of time when the engine speed NE has 
reached the threshold value NEsh. The threshold value 40 
NEsh is set to a value that is higher than the fast idle 
speed NEo and lower than the racing speed NEmax. 
Step 1 18 is repeatedly executed until NE = NEsh is sat- 
isfied. When step 1 1 8 detemnines that NE = NEsh is sat- 
isfied, step 120 is then executed. Thus, ^5 
[0043] In step 120, the opening of the throttle valve 
36 is controlled to a value with which the engine speed 
NE of the internal combustion engine 10 becomes sub- 
stantially equal to the fast idle speed NEo. Upon execu- 
tion of step 120, the engine 10 Is caused to operate In 50 
the fast idle state. When the operation of step 120 is 
completed, the current cycle of this control routine is ter- 
minated. 

[0044] According to the control process of FIG. 3 as 
described above, if the brake negative pressure Bvac 
does not reach a level sufficient to permit the brake 
booster 18 to produce an assist force having a desired 
amplification ratio with respect to the pedal pressing 



force wh en the engine 1 0 is started, the operating speed 
of the engine 10 is rapidly increased to a speed (i.e., 
racing speed) that is higher than the fast idle speed be- 
fore the engine 10 proceeds to the fast idle state. Fur- 
thermore, after the engine speed NE reaches the racing 
speed, the throttle valve 36 is held in the fully closed 
position for a period of time during which the engine 
speed NE decreases down to the fast idle speed. 
[0045] With the throttle valve 36 held in the fully closed 
position, the amount of air drawn or Introduced into the 
combustion chamber 50 of the engine 1 0 is significantly 
reduced even while the engine 10 is operating, and 
therefore a large intake manifold pressure is developed 
in the intake air passage 34 on the downstream side of 
the throttle valve 36. The intake manifold pressure is ap- 
plied to the negative pressure chamber 22 of the brake 
booster 1 8 via the negative-pressure feed pipe 26 and 
the negative-pressure accumulation tank 32. It is there- 
fore possible to increase the brake negative pressure 
Bvac inimediately after the engine 10 is started even 
when the brake negative pressure Bvac 's insufficient, 
namely, is higher than the required level. 
[0046] Furthennore, substantially no problem arises 
In the operation of the engine 1 0 even if the throttle valve 
36 is held in the fully closed position during the period 
of time In which the engine speed NE of the engine 10, 
J which has reached the racing speed, is decreased down 
to the fast idle speed. According to the first embodiment, 
therefore, a sufficiently large negative pressure can be 
developed in the brake booster 1 8 promptly after the en- 
gine 10 is started, without impeding or affecting the op- 
eration of the engine 10. Thus, the embodiment makes 
it possible to appropriately operate the brake booster 1 8 
before the engine 1 0 proceeds to the fast idle state fol- 
lowing its start, thus pemnitting the brake booster 1 8 to 
appropriately boost or amplify the force applied to the 
brake pedal 14. 

[0047] According to the control process of Fig. 3 as 
described above, the racing speed to be reached after 
the start of the engine 1 0 can be set to a value that de- 
pends upon a deviation (i.e., an amount of shortage) of 
the brake negative pressure By^Q from its target value. 
More specifically, the greater the deviation (or the 
amount of shortage) of the brake negative pressure 
Bvac ^^^^ target value, the higher the racing speed. 
As the racing speed increases, the subsequent period 
of time before the engine 1 0 proceeds to the predeter- 
mined fast idle state is prolonged, and therefore the pe- 
riod of time in which the throttle valve 36 is kept in the 
fullyclosed position is prolonged. Namely, the period of 
time in which the throttle valve 36 Is kept in the fully 
closed position increases with an increase in the devia- 
tion (i.e., an amount of shortage) of the brake negative 
pressure Bvac target value. 

[0048] According to this embodiment, therefore, the 
intake manifold pressure can be introduced or applied 
to the negative pressure chamber 22 of the brake boost- 
er 1 8 in accordance with the deviation of the brake neg- 
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ative pressure Bvac ^^^^ target value. Thus, even if 
the brake negative pressure ByAc is largely short of the 
target or required level, a sufficiently large negative 
pressure can be surely developed In the brake booster 
18 since the period of time in which the intake manifold 5 
pressure is applied to the negative pressure chamber 
22 of the brake booster 18 Is prolonged or increased in 
accordance with the deviation of the brake negative 
pressure Bv^c ^^^^ target level. 
[0049] tn the above-described embodiment, the oper- io 
ating speed of the engine 10 is rapidly increased to the 
racing speed, which is higher than the fast idle speed, 
by increasing the throttle opening 6 by a large degree 
immediately after the engine 10 is started. Instead, the 
ignition timing may be advanced so as to rapidly in- is 
crease the engine speed to the racing speed. In this 
case too, combustion of an air-fuel mixture in the engine 
10 is encouraged, thus permitting the engine 10 to pro- 
duce a sufficiently high output. 

[0050] A second embodiment of the invention will be 20 
explained. 

[0051] Upon a cold start of the engine 1 0, the ignition 
timing of the engine 1 0 may be retarded in order to ac- 
celerate wami-up of a catalyst and other components. 
This control will be hereinafter called "ignition, retard 25 
control". If the ignition timing is retarded, the tempera- 
ture of exhaust gas increases more rapidly than.it would, . 
under normal ignition timing control, so that the catalyst ' 
can readily wamn up by heat transferred from the ex- 
haust gas, though the output of the engine 10 is re- so 
duced. As a technique for compensating for the reduc- 
tion in the output of the engine 10, it is considered to 
increase the opening amount of the throttle valve 36 
thereby to increase the amount of intake air supplied to 
the combustion chamber 50 of the engine 1 0, while at 35 
the same time increasing the amount of fuel injected into 
the intake air passage 34. 

[0052] If, however, the throttle opening amount is in- 
creased in a short period of time with the ignition timing 
retarded under the ignition retard control, the intake 40 
manifold pressure produced in the intake air passage 
34 on the downstream side of the throttle valve 36, or in 
the surge tank 28, is rapidly reduced. As a result, a suf- 
ficiently large brake negative pressure By/Ac i^^Y 
applied to the negative pressure chamber 22 of the 45 
brake booster 18. Consequently, a desired pressure dif- 
ference may not be established between the variable 
pressure chamber 24 and the negative pressure cham- 
ber 22 of the brake booster 18 when the brake pedal 1 4 
is depressed after the start of the engine, and a desired so 
assist force to be added to the pedal pressing force may 
not be generated. Accordingly, when a sufficiently large 
brake negative pressure Bv^c applied to the neg- 
ative pressure chamber 22, It is not appropriate to In- 
crease the throttle opening amount in a short time with ss 
the ignition timing retarded underthe ignition retard con- 
trol. 

[0053] The system according to the second embodi- 



ment Is characterized in that a sufficiently large brake 
negative pressure Bvac 's surely developed even when 
the ignition retard control is performed. 
[0054] Figs. 4A to 4C are diagrams for explaining the 
operation of the negative pressure control apparatus of 
the engine 10 according to the second embodiment of 
the invention. Fig. 4A shows changes in the ignition tim- 
ing with time, Fig. 4B shows changes in the throttle 
opening 0 with time, and Fig. 4C shows changes in the 
intake manifold pressure with time. In each of Frgs. 4A 
to 4C, a solid line indicates changes in each parameter 
(i.e., the ignition timing, the throttle opening, and the in- 
take manifold pressure) with time when the brake neg- 
ative pressure B^ac ^^^s not reach or is short of the 
desired value, and a broken line indicates changes in 
each parameter with time when the brake negative pres- 
sure Bvac reaches the required value, respectively. 
[0055] As shown in Fig. 4A, at a point of time t = t^o 
after the engine 10 is started, the ignition timing starts 
being retarded so as to accelerate wamn-up of a cata- 
lyst, for example. If the brake negative pressure Bvac 
has reached the required value at this time, the ignition 
timing continues to be retarded until the ignition timing 
reaches the target timing (t = t^^ in Fig. 4A) as indicated 
by the broken line. Then, the ignition timing stops being 
retarded when the ignition timing reaches the target tim- 
ing. ' r . 
[0056] if, on the other hand, the brake negative pres- .p ' 
sure Bvac reached the required value at the . ' :v7. 
point of time t = t^o* retarding of the ignition timing is 
interrupted when the Ignition timing is retarded to a cer- 
tain timing (t = t-12 in Fig. 4A) before the ignition retard 
control is completed, as shown in a solid line in FIG. 4A. 
If retarding of the ignition timing is inten^upted before it 
is completed, the output of the engine 10 will not re- 
duced any longer, and therefore the throttle opening 6 
will not be increased any longer as shown in Fig. 4B. In 
this case, the intake manifold pressure will not be 
changed to the smaller negative pressure side (i.e., the 
intake manifold pressure will not be increased), and thus 
a larger intake manifold pressure can be established as 
compared with the case where the throttle opening 6 
continues to be increased. This makes it possible to ap- 
ply a sufficiently large brake negative pressure Bvac 
the brake booster 18 when the brake negative pressure 
Bvac ^°®s not reach the required value. The retarding 
of the Ignition timing is resumed or re-started when a 
predetemiined time elapses (at t = t^g In Fig. 4A) after 
the retarding of the ignition timing is inten-upted. 
[0057] Fig. 5 shows a flowchart of one example of a 
control routine executed by the ECU 12 in the second 
embodiment so as to accomplish the above-described 
functions. The routine as shown in Fig. 5 is started each 
time its process is finished. When the routine as shown 
In Fig. 5 is started, step 200 is initially executed. 
[0058] In step 200, it Is determined whether a condi- 
tion or conditions for perfomiing ignition retard control 
so as to accelerate wamn-up of a catalyst, for example, 
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Is/are satisfied. For example, the condition(s) for per- 
forming ignition retard control may be satisfied when the 
temperature of the catalyst is equal to or lower than a 
predetermined value. If It is detemr^lned that the condi- 
tions for performing ignition retard control are not satis- 
fied, the current cycle of the control routine is terminated 
with no further step being executed. If it Is detenmined 
that the conditions for perfonning ignition retard control 
are satisfied, step 202 is then executed. 
[0059] tn step 202, the pressure applied to the nega- 
tive pressure chamber 22 of the brake booster 18, 
namely, the brake negative pressure Bvac »s detected 
based on an output signal of the pressure sensor 38. 
[0060] In step 204, it is determined whether the brake 
negative pressure Bvac is less than or equal to a pre- 
detemnined value Bo, as in step 1 04 of the routine shown 
in Fig. 3. If step 204 determines that 8^^^^ ^ s^^'^" 
fled, step 206 is then executed. If B^ac ^ Bo is not sat- 
isfied, the control process then proceeds to step 208. 
[0061] In step 206, the ignition retard control is per- 
formed according to the ordinary or normal procedures. 
Once step 206 is executed, the ignition timing is retard- 
ed, and at the same time the throttle opening 8 is in- 
creased so as to compensate for a reduction in the out- 
put of the engine resulting from the retarded ignition tim- 
ing. When the operation of step 206 is completed, the 
currentcycle of:the routine of Fig. 5 Is terminated. 
[0062] In step '208, 'a difference IB^^^q - Bol between 
the actual brake negative pressure B^^q and the target 
predetemiined value Bo is calculated. 
[0063] If this difference IByy^c * Bol is small, it Is pos- 
sible to surely reduce the brake negative pressure down 
to the target predetermined value Bo even if the ignition 
timing changes on the timing advance side (i.e., if the 
timing retard routine is interrupted) only for a short pe- 
riod of time while the ignition timing is being retarded 
under ignition retard timing, namely, even if the throttle 
opening 8 is kept small only for a short time. If, on the 
other hand, the difference IBvac * Bol is large, the brake 
negative pressure cannot be reduced down to the target 
predetemiined value Bo unless the ignition timing 
changes on the timing advance side (i.e., If the timing 
retard routine is inten-upted) for a relatively long period 
of time while the ignition timing is being retarded under 
Ignition retard timing, namely, unless the throttle open- 
ing 8 is kept small for relatively long time. In this respect, 
it is appropriate to change the ignition timing on the tim- 
ing advance side while the ignition timing is being re- 
tarded under ignition retard timing, for a period of time 
that is detemnined depending upon the difference be- 
tween the actual brake negative pressure Bvac 
target predetemiined value Bo. 
[0064] In step 21 0, a point of time ITc at which retard- 
ing of the ignition timing starts being Interrupted is set 
to a value that is determined depending upon the differ- 
ence IBvAc ■ calculated In step 208. More specifi- 
cally, the point of time ITc at which the retarding of the 
ignition timing starts being inten-upted (which will be 



hereinafter ref en^ed to as "intermpt timing ITc") is set to 
be an earlier point of time as the difference IBvac " Bol 
is greater, by referring to a certain map stored in memory 
of the ECU 12, for example. 
5 [0065] In step 212, the ignition retard control is per- 
fomried with the intermpt time ITc set in step 210 above 
taken into consideration. 

[0066] In step 214, it is determined whether the igni- 
tion time (IT) has reached the interrupt timing ITc. Step 
10 214 is repeatedly executed until IT becomes equal to 
ITc. When step 214 determines that IT = ITc is satisfied, 
the process then proceeds to step 216. 
[0067] In step 21 6, the retarding of the ignition timing 
under the ignition retard control is interrupted. If step 
IS 216 Is executed, the ignition timing is thereafter kept 
constant (rather than being retarded), and the throttle 
opening 8 is kept at a constant value. 
[0068] In step 21 8, it is determined whether a prede- 
termined time has elapsed after retarding of the ignition 
timing was interrupted. If the predetemnined time has 
elapsed, step 220 is then executed. 
[0069] In step 220, retarding of the ignition timing is 
resumed or re-started. If step 220 is executed, the igni- 
tion retard control will be continued until retarding of the 
ignition timing is completed. When the operation of step 
220 is finished, the current cycle of the control routine 
is tenninated. ' ■ ^ i ' 

[0070] According to the control'process as described 
above, if the brake negative pressure Bvac has. not 
reached a level sufficient to allow the brake booster 18 
to produce an assist force having a desired amplification 
ratio with respect to the pedal pressing force when the 
ignition retard control is perfomried upon a start of the 
engine 1 0, the ignition timing may be varied on the tim- 
ing advance side of the ignition timing In the course of 
retarding the ignition timing under ignition retard control. 
More specifically, the interrupt timing, i.e., a point of time 
at which retarding of the ignition timing is intenojpted, Is 
set to a certain point prior to completion of the ignition 
retard control. 

[0071] If retarding of the ignition timing under Ignition 
retard control is interrupted before completion of the 
control, the output of the engine 10 is not further re- 
duced, and the throttle opening 6 stops being increased. 
In this case, a large intake manifold pressure is pro- 
duced in the intake air passage 34 on the downstream 
side of the throttle valve 36, as compared with the case 
where the throttle opening 6 continues to be increased. 
According to this embodiment, therefore, the brake neg- 
ative pressure Bvac oan be increased immediately after 
the engine 10 is started even if the brake negative pres- 
sure Bvac would be insufficient when the ignition retard 
control is perfonDed for retarding the ignition timing. 
Thus, the second embodiment makes it possible to ap- 
propriately operate the brake booster 1 8 so as to boost 
or amplify the pedal pressing force (i.e., the force ap- 
plied to the brake pedal 14) even when ignition retard 
control is perfonned. 
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[0072] According to the control process as described 
above, the Interrupt timing in which the process of re- 
tarding the ignition timing under Ignition retard control is 
Interrupted (namely, a point of time at which the ignition 
timing stops being retarded) can be changed depending 
upon the deviation (or the amount of shortage) of the 
brake negative pressure Bvac ^^^^ the target value Bo. 
More specifically, as the deviation of the bake negative 
pressure Bvac ^'^^^ target value Is greater, the in- 
terrupt timing of the Ignition retard control Is advanced, 
namely, the ignition retard control is inten^upted at an 
early point of time during the retarding process. If the 
interrupt timing of the ignition retard control is thus set 
to a point on the timing advance side of the ignition tim- 
ing, the period of time in which the throttle opening 6 Is 
kept small is accordingly prolonged. According to this 
embodiment, therefore, an Intake manifold pressure 
corresponding to the amount of shortage of the brake 
negative pressure Bvac introduced to the nega- 
tive pressure chamber 22 of the brake booster 1 8. Thus, 
the second embodiment makes it possible to ensure a 
sufficiently large negative pressure in the brake booster 
18 even when the brake negative pressure Bvac 
largely short of the target value. 
[0073] In the second embodiment, the Interrupt timing 
in which retarding of the ignition timing under ignition 
retard control is interrupted is changed depending upon 
the deviation of the actual brake negative pressure Bvac 
from the target predetemnlned value Bo: The invention, 
however, Is not limited to this arrangement. For exam- 
ple, the slope of change of the ignition timing toward the 
most retarded state after the ignition retard control is 
started, namely, the period of time between the start and 
the end of the ignition retard control, may be changed 
depending upon the deviation of the actual brake neg- 
ative pressure Bvac ^^^^ target predetermined val- 
ue Bo. In this case, if the period of time between the start 
and the end of the ignition retard control is increased as 
the above deviation is greater, the period of time In which 
the throttle opening 0 Is kept small can be made longer, 
thus assuring that a sufficiently large negative pressure 
is applied to the brake booster 18 without fail. 
[0074] While retarding of the ignition timing under ig- 
nition retard control Is interrupted only once during the 
retarding process In the second embodiment, the retard- 
ing may be intermpted a plurality of times in multiple 
steps during the process. 

[0075] In the first and second embodiments as de- 
scribed above, the invention is applied to the internal 
combustion engine in which the Injector 52 Is disposed 
near an end portion of the intake air passage 34 on the 
side of the combustion chamber 50, and fuel is injected 
from the injector 52 into an intake port that is open or 
closed by an Intake valve. However, the Invention Is 
equally applicable to other types of Internal combustion 
engines, such as direct injection type spark ignition in- 
ternal combustion engines, one example of which is il- 
lustrated in Fig. 6. The internal combustion engine 11 



as shown In Fig. 6 is different from that of Flg.,1 only In 
that a fuel Injector 53 is disposed at an outer peripheral 
portion of the combustion chamber 50 such that fuel is 
Injected by the fuel Injector 53 directly into the combus- 

5 tion chamber 50. When the direct injection type engine 
11 Is in a fast idle state for effecting catalyst warm-up 
control, fuel Is Injected directly Into a combustion cham- 
ber during a compression stroke while the ignition timing 
is greatly retarded as compared with that of the engine 

10 as shown in Fig. 1 , so that the engine 11 perfonns strat- 
ified charge combustion. In this direct injection type en- 
gine 1 1 in which the fuel can be injected during the com- 
pression stroke, the timing of formation of an air/fuel 
mixture can be greatly delayed as compared with that 

IS of the engine as shown in Fig. 1 in which the fuel and 
the air is pre-mixed before combustion. Accordingly, the 
Ignition timing can also be greatly delayed, thereby as- 
suring a significantly enhanced catalyst warm-up effect. 
[0076] When the direct injection type engine 11 as 

20 shown In Fig. 6 perfomris stratified charge combustion 
through fuel injection during the compression stroke, the 
greatly retarded ignition timing may cause a reduction 
In the engine torque, which may result in unstable idling 
or unstable combustion. In view of this, the opening 

25 amount of the throttle valve 36 is Increased so as to In- 
crease the Intake air amount, depending upon the retard 
. amount of the ignition timing. In fact, the throttle valve 
'"36 may be driven close to the fully open position, in this 
case, the magnitude of the negative pressure produced 

30 on the downstream side of the throttle valve 36 is re- 
duced, resulting in a lack of negative pressure applied 
to the brake booster. Hence, the negative pressure con- 
trol as described above in the first and second embod- 
iments can be advantageously perfomned with respect 

35 to the direct Injection type internal combustion engine. 
[0077] In the illustrated embodiment, the controller 
(the ECU 12) is implemented as a programmed general 
purpose computer. It will be appreciated by those skilled 
in the art that the controller can be implemented using 

40 a single special purpose integrated circuit (e.g., ASIC) 
having a main or central processor section for overall, 
system-level control, and separate sections dedicated 
to perfomriing various different specifte computations, 
functions and other processes under control of the cen- 

45 tral processor section. The controller can be a plurality 
of separate dedicated or programmable integrated or 
other electronic circuits or devices (e.g., hardwired elec- 
tronic or logic circuits such as discrete element circuits, 
or programmable logic devices such as PLDs, PLAs, 

50 PALs or the like). The controller can be implemented us- 
ing a suitably programmed general purpose computer, 
e.g., a microprocessor, microcontroller or other proces- 
sor device (CPU or MPU), either alone or in conjunction 
with one or more peripheral (e.g., integrated circuit) data 

55 and signal processing devfces. In general, any device 
or assembly of devices on which a finite state machine 
capable of implementing the procedures described 
herein can be used as the controller. A distributed 
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processing architecture can be used for maximum data/ 
signal processing capability and speed, 
[0078] While the invention has been described with 
reference to preferred embodiments thereof, It is to be 
understood that the invention is not limited to the pre- 
ferred embodiments or constructions. To the contrary, 
the invention is intended to cover various modifications 
and equivalent arrangements, tn addition, while the var- 
ious elements of the preferred embodiments are shown 
in various combinations and configurations, which are 
exemplary, other combinations and configurations, in- 
cluding more, less or only a single element, are also 
within the spirit and scope of the invention. 
[0079] An apparatus and method control a negative 
pressure in an Internal combustion engine (10) 
equipped with a brake booster (1 8) that uses a negative 
pressure produced on a downstream side of a throttle 
valve (36) provided in an intake passage (34) of the en- 
gine, as a power source for amplifying the pedal press- 
ing force. A controller (12) of the apparatus or method 
determines whether a negative pressure applied to the 
brake booster has reached a predetemnined level when 
the internal combustion engine is started, and, if the 
negative pressure has not reached the predetermined 
level, increases an operating speed of the engine to a 
predetermined high speed and then keeps the throttle 
valve in a small :opening state in which an opening 
amount of the throttle valve is smaller than that estab- 
lished when the Internal combustion engine is in a fast 
idle state, during a period of time In which the engine 
proceeds to a steady-state operating mode. 



Claims 

1. An apparatus for controlling a negative pressure in 
an internal combustion engine (10) including a 
brake booster (18) that amplifies a pedal pressing 
force applied to a brake pedal (14), the brake boost- 
er using a negative pressure produced on a down- 
stream side of a throttle valve (36) provided in an 
Intake passage (34) of the internal combustion en- 
gine, as a power source for amplifying the pedal 
pressing force, characterized by comprising: 

means (12, S104) for detemriinlng whether a 
negative pressure applied to the brake booster 
has reached a predetemnined level when the In- 
temal combustion engine is started; and 
means (12, S108, S110. S112, S114. S116, 
S11 8) for increasing an operating speed of the 
internal combustion engine to a predetermined 
high speed If the negative pressure applied to 
the brake booster has not reached the prede- 
termined level, and then keeping the throttle 
valve in a small opening state in which an open- 
ing amount of the throttle valve is smaller than 
that established when the Internal combustion 



engine is in a fast Idle state, during a period of 
time In which the internal combustion engine 
proceeds to a steady-state operating mode. 

5 2. The apparatus according to claim 1 , wherein the 
throttle valve is kept in a fully closed position during 
the period of time in which the internal combustion 
engine proceeds to the steady-state operating 
mode. 

10 

3. The apparatus according to claim 1 , wherein the 
opening amount of the throttle valve is kept sub- 
stantially equal to a throttle opening established 
during normal idling of the internal combustion en- 

is gine, during the period of time In which the internal 
combustion engine proceeds to the steady-state 
operating mode. 

4. The apparatus according to any one of claims 1 -3, 
20 wherein the period of time in which the throttle valve 

is kept in the small opening state, depending upon 
a pressure difference between the negative pres- 
sure applied to the brake booster and the predeter- 
mined level. 

25 

5. The apparatus according to any one of claims 1-3, 
.wherein the predetermined high speed to which the 

' r ' . operating speed of the internal combustion engine 
is Increased is changed depending upon a pressure 

30 difference between the negative pressure applied, 
to the brake booster and the predetemnined level. 

6. The apparatus according to any one of claims 1 -5, 
wherein the steady-state operating mode is a mode 

35 in which the operating speed of the Internal com- 
bustion engine operates at a predetemnined speed 
that is less than the predetermined high speed. 

7. The apparatus according to claim 6, wherein the 
40 predetemnined speed is a fast Idle speed. 

8. An apparatus for controlling a negative pressure in 
an internal combustion engine (10) including: (a) a 
brake booster (18) that amplifies a pedal pressing 

45 force that is applied to a brake pedal (14), the brake 
booster using a negative pressure produced on a 
downstream side of a throttle valve (36) provided in 
an intake passage (34) of the Intemal combustion 
engine, as a power source for amplifying the pedal 
50 pressing force; (b) means for performing ignition re- 
tard control so as to retard an ignition timing to a 
predetermined timing during fast idling of the inter- 
nal combustion engine; and (c) means for increas- 
ing an opening amount of the throttle valve as the 
55 ignition timing is retarded during the ignition retard 
control, characterized by further comprising: 

means (S216, S218) for controlling the igni- 
tion timing to be more advanced during at least a 
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part of a process of the ignition retard control when 
a negative pressure applied to the brake booster is 
less than a predetermined level, than the Ignition 
timing established when the negative pressure ap- 
plied to the brake booster reaches the predeter- s 
mined level. 

9; The apparatus according to claim 8, wherein the ig- 
nition retard control is interrupted before the Ignition 
timing Is retarded to the predetermined timing when 
the negative pressure that is applied to the brake 
booster is less than the predetemnined level. 

10. The apparatus according to claim 9, wherein It is 
determined when to Interruptthe ignition retard con- is 
trol depending upon a pressure difference between 

the negative pressure applied to the brake booster 
and the predetermined level 

1 1 . An apparatus for controlling a negative pressure in 20 
an internal combustion engine (10) including: (a) a 
brake booster (18) that amplifies a pedal pressing 
force that Is applied to a brake pedal (14), the brake 
booster using a negative pressure produced on a 
downstream side of a throttle valve (36) provided in 2s 
an intake passage (34) of the internal combustion 

'•engine; as a powersource for amplifying the pedal 
pressing force; (b) means for perfomriing ignition re- 
tard control so as to retard an ignition timing to a 
predetenmined timing during fast idling of the inter- 30 
nal combustion engine; and (c) means for increas- 
ing an opening amount of the throttle valve as the 
ignition timing is retarded during the ignition retard 
control, characterized by further comprising: 

means for changing a period of time that 35 
elapses between a start of the ignition retard control 
and a time when the ignition timing reaches the pre- 
detemnined timing, so that the period of time in- 
creases when a negative pressure that is applied to 
the brake booster Is less than a predetermined lev- ^^o 
el. 

12. The apparatus according to claim 11 , wherein the 
period of time Is changed depending upon a pres- 
sure difference between the negative pressure ap- "^s 
plied to the brake booster and the predetermined 

level. 

13. An apparatus for controlling a negative pressure in 

an internal combustion engine (10) including a so 
brake booster (18) that amplifies a pedal pressing 
force that is applied to a brake pedal (14), the brake 
booster using a negative pressure produced on a 
downstream side of a throttle valve (36) provided in 
an intake passage (34) of the Internal combustion ss 
engine, as a power source for amplifying the pedal 
pressing force, characterized by comprising: 



means for determining whether a condition for 
executing catalyst warm-up control during or af- 
ter a start of the Interna! combustion engine is 
satisfied when the intemal combustion engine 
is started; and 

means for Increasing an operating speed of the 
internal combustion engine to a predetermined 
high speed if the condition is satisfied, and then 
keeping the throttle valve In a small operating 
state In which an operating amount of the throt- 
tle valve is smaller than that established when 
the intemal combustion engine is In a fast idle 
state, during a period of time in which the inter- 
nal combustion engine proceeds to a steady- 
state operating mode. 

14. The apparatus according to claim 13, wherein the 
throttle valve is kept in a fully closed position during 
the period of time in which the intemal combustion 
engine proceeds to the steady-state operating 
mode. 

15. The apparatus according to claim 13, wherein the 
opening amount of the throttle valve is kept sub- 
stantially equal to a throttle opening established 
during normal idling of the internal combustion en- 
gine, during the period of time In which the internal-, 
combustion engine proceeds to the steady-state 
operating mode. 

16. The apparatus according to any one of claims 
13-15, wherein the predetemiined high speed is 
higher than a fast idle speed. 

17. The apparatus according to any one of claims 

13-16, wherein the predetemnined high speed is de- 
temnlned depending upon a negative pressure ap- 
plied to the brake booster at the time of the start of 
the internal combustion engine. 

18. The apparatus according to any one of claims 
13-17, wherein the steady-state operating mode is 
a mode in which the internal combustion engine op- 
erates at a predetemnined speed that is less than 
the predetermined high speed. 

19. The apparatus according to claim 18, wherein the 
predetemnined speed is a fast idle speed. 

20. A method for controlling a negative pressure in an 
Internal combustion engine (10) that has a brake 
booster (1 8) that amplifies a pedal pressing force 
that Is applied to a brake pedal (14), the brake 
booster using a negative pressure produced on a 
downstream side of a throttle valve (36) provided in 
an Intake passage (34) of the internal combustion 
engine, as a power source for amplifying the pedal 
pressing force, the method comprising: 
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determining whether a negative pressure ap- 
plied to the brake booster has reached a pre- 
determined level when the internal combustion 
engine is started; and 

if the negative pressure applied to the brake 
booster has not reached the predetennined lev- 
el, increasing an operating speed of the engine 
to a predetermined high speed, and then keep- 
ing the throttle valve (36) in a small opening 
state In which an opening amount of the throttle 
valve is smaller than that established when the 
internal combustion engine Is in a fast Idle 
state, during a period of time in which the inter- 
nal combustion engine proceeds to a steady- 
state operating mode. 

21. The method according to claim 20, wherein the 
throttle valve is kept in a fully closed position during 
the period of time in which the internal combustion 
engine proceeds to the steady-state operating 
mode. 

22. The method according to claim 20, wherein the 
opening amount of the throttle valve is kept sub- 
stantially equal to a throttle opening established 
during nonnal Idling of the internal combustion en- 
gine, during the period of time in which the internal 
combustion engine proceeds to the steady-rstate 
operating mode. 

23. The method according to any one of claims 20-22, 
wherein the period of time in which the throttle valve 
(36) Is kept in the small opening state is changed 
depending upon a pressure difference between the 
negative pressure applied to the brake booster and 
the predetermined level. 

24. The method according to any one of claims 20-22, 
wherein the predetermined high speed to which the 
operating speed of the Internal combustion engine 
is Increased is changed depending upon a pressure 
difference between the negative pressure applied 
to the brake booster and the predetemnined level. 

25. The method according to any one of claims 20-24, 
wherein the steady-state operating mode is a mode 
in which the internal combustion engine operates at 
a predetennined speed that is less than the prede- 
termined high speed. 

26. The method according to claim 25, wherein the pre- 
detennined speed is a fast idle speed. 

27. A method for controlling a negative pressure in an 
internal combustion engine (10) that has a brake 
booster (18) that amplifies a pedal pressing force 
that is applied to a brake pedal (14), the brake 
booster using a negative pressure produced on a 



downstream side of a throttle valve (36) provided in 
an intake passage (34) of the internal combustion 
engine, as a power source for amplifying the pedal 
pressing force, the method comprising: 

5 

performing ignition retard control so as to retard 
an Ignition timing to a predetermined timing dur- 
ing fast Idling of the Internal combustion engine; 
increasing an opening amount of a throttle 

10 valve as the ignition timing Is retarded during 

the ignition retard control; and 
during at least a part of a process of the ignition 
retard control, controlling the ignition timing to 
be more advanced when a negative pressure 

IS applied to the brake booster Is less than a pre- 

detemnined level, than the ignition timing estab- 
lished when the negative pressure applied to 
the brake booster reaches the predetemnined 
level. 

20 

28. The apparatus according to claim 27. wherein the 
step of controlling the ignition timing comprises a 
step of inten-upting the ignition retard control before 
the ignition timing Is retarded to the predetemnined 

25 timing when the negative pressure that Is applied to 
the brake booster Is less than the predetennined 
. level:' r - 

29. The method according to claim 28, wherein the in- 
30 terrupting step Includes determining when to Inter- 

mpt the Ignition retard control depending upon a 
pressure difference between the negative pressure 
applied to the brake booster and the predetennined 
level. 

35 

30. A method for controlling a negative pressure in an 
internal combustion engine (10) that has a brake 
booster (1 8) that amplifies a pedal pressing force 
that is applied to a brake pedal (14), the brake 

40 booster using a negative pressure produced on a 
downstream side of a throttle valve (36) provided in 
an intake passage (34) of the intemal combustion 
engine, as a power source for amplifying the pedal 
pressing force, the method comprising: 

45 

perfonning ignition retard control so as to retard 
an Ignition timing to a predetermined timing dur- 
ing fast Idling of the intemal combustion engine; 
Increasing an opening of the throttle valve as 
50 the ignition timing Is retarded during the ignition 

retard control; and 

changing a period of time that elapses between 
a start of the Ignition retard control and a time 
when the ignition timing reaches the predeter- 
55 mined timing, so that the period of time Increas- 

es when a negative pressure that is applied to 
the brake booster is less than a predetennined 
level. 
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31. The method according to claim 30, wherein the 
changing step includes changing the period of time 
depending upon a pressure difference between the 
negative pressure applied to the bral<e booster and 
the predetemnined level. 



a predetermined speed that is less than the prede- 
temnined high speed. 

38. The method according to claim 37, wherein the pre- 
detemnined speed is a fast Idle speed. 



32. A method for controlling a negative pressure in an 
internal combustion engine (10) that has a brake 
booster (18) that amplifies a pedal pressing force 
that is applied to a brake pedal (14), the brake 
booster using a negative pressure produced on a 
downstream side of a throttle valve (36) provided in 
an intake passage (34) of the internal combustion 
engine, as a power source for amplifying the pedal 
pressing force, the method comprising: 
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determining whether a condition for executing 
catalyst wann-up control during or after a start 
of the internal combustion engine is satisfied 
when the engine is started; and 20 
if the condition is satisfied, increasing an oper- 
ating speed of the internal combustion engine 
to a predetermined high speed, and then keep- 
ing the throttle valve in a small opening state in 
which an opening amount of the throttle valve 25 
Is smaller than that established when the inter- 
nal combustion engine is in- a fast idle state, 
during a period of time in which the internal 
combustion engine proceeds to a steady-state 
operating mode. 30 

33. The method according to claim 32, wherein the 
throttle valve is kept in a fully closed position during 
the period of time in which the internal combustion 
engine proceeds to the steady-state operating 35 
mode. 

34. The method according to claim 32, wherein the 
opening amount of the throttle valve is kept sub- 
stantially equal to a throttle opening established 40 
during nomnal idling of the internal combustion en- 
gine, during the period of time in which the internal 
combustion engine proceeds to the steady-state 
operating mode. 

45 

35. The method according to claim any one of claims 
32-34, wherein the predetemnined high speed is 
higher than a fast idle speed. 

36. The method according to any one of claims 32-35, 50 
wherein the predetemriined high speed is deter- 
mined depending upon a negative pressure applied 

to the brake booster at the time of the start of the 
internal combustion engine. 

55 

37. The method according to any one of claims 32-36, 
wherein the steady-state operating mode is a mode 
in which the internal combustion engine operates at 
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